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Introduction
The investigation and identification of sugars in urine or faeces can reveal or confirm a carbohydrate intolerance. The sugars concerned are mono-and disaccharides: xylose, fructose, glucose, galactose, lactose, sucrose, maitose. Affecting children in particular, these disorders result from either a malabsorption or an enzyme deficiency. The linear thin layer Chromatographie procedures commonly used for the screening of these metabolic diseases are time-consurning (1) and have poor resolution.
To improve performance, we propose a powerful separation technique involving radial diffusion. It was previously used by Mac Laren & Won (2) for the detection of more complex oligosaccharides. This mcthod allows a complete Separation of mono-and disaccharides within twenty minutes. Prior to chromatography, carbohydrates are Condensed with dansylhydrazine to yield fluorescent compounds (3) . Sugars that do not react with dansyl hydrazine can be visualised by spraying with a colorimetric reagent. Furthermore, the different mobilities of derivatized and underivatized sugars make this technique very specific.
Materials and Mefhods

Materials
For radial chromatography, we used the Selecta Sol System (4), W-2 wicks and precoated TLC plates 10 x 10 cm (silica gel F 1500 LS 254), all provided by Schleicher and Sch ll (Dassel, FRG).
Dansyl hydrazine (1-dimethylamino-naphthalene 5-sulphonyl hydrazine) was supplied by Pierce Chemical Company (Rockford, 111. USA). The other chemicals were obtained from Merck (Darmstadt, FRG).
Microsyringe Hamilton No. 7101 N.
UV lamp 350 nm Camag TL 900 U.
Methods
Sample preparation
Urines: these must be collected with a preservative agent and stored at -20 °C. l ml of 24 hour urine is deionized by shaking for ten minutes with an equal volume of mixed resin AG-501 ^X8 (D), then centrifuged for 5 minutes at 3000 min" 1 .
Faeccs: sugars are extracted from 0.5 g of 24 hour faeces with l ml of 0.15 mol/1 NaCl; after centrifugation, the supernatant is treated s described above.
Fluorescent labelling of the sugar reducing function
We have modified the experimental conditions previously described by A vigad (3) . Add 100 μΐ of a 40 g/l solution of trichloroacetic acid and 200 μΐ of a 2 g/l dansylhydrazine solution in acctonitrile to a 100 μΐ sample containing 0.5 to 25 μηιοί of reducing sugars. Heat the mixture for ten .minutes at 80 °C, then cool to room temperature. The dansylated solution cari be stofed for up to one week at -20 °C in darkness.
Chromatography
Apply samples with a l μΐ microsyringe. When using the radial technique, deposit eight spots around the perimeter of a 2 cm diameter circle, the centre being a W-2 diffusion wick. For each Spot, the terriplate defines triangul r diffusion area in a similar way to the "V" bands method of Preyzt al. (5) . As Standard sugars, use 50 g/l Solutions of ribose, xyl se, fructose, glucose, galactose, sucrose, lactose and maitose, which are the most commonly encountered in pathology. On the plate are spotted 0.025 μΐ of non dansylated and 0.1 μΐ of dansylated sugars.
Test material is applied to the chrornatogram at the rate of l .25 μΐ (ήοή dansylated) arid 5 μΐ (dansylated) for every gram of reducing sugaf per liter. Two migrations are successively run in the follpwing solvent System: ethyl cetate/isoprop nol/water (solverits I and II, table I). The method requires only 2 ml of each mobile phase.
Detection
Two procedures are used 1) Fluorescence: after the first development in solvent I r observe at 350 nm the characteristic bright yeWow fluorescence of the dansylhydrazones.
2) Colorimetry with naphthoresorcinol reagent: Add l ml ofconcentrated sulphuric acid to 25 ml of freshly prepared L3-dihydroxynaphthalene (2 g/l solution in pure ethanol).
Spray this reagent on the dried plate after the seeond development in solvent II. The colored spots corresponding to the free sugars can be visualised after heating at 110 °C for five .minutes.
Tab. l. Comparative study of the resolution of free sugars and their dansylhydrazones by linear and radial thin layer chromatography. 
Results and Discussion
Comparison of radial and linear thin layer chromatography in solvents I and II (tab. l, figs. l, 2, 3, 4) shows that resolution is better using the radial method. For dansylhydrazones, radial thin layer chromatography appears to be more suitable than linear thin layer chromatography. The dansylhydrazones of lactose, maitose, galactose, glucose, xylose and ribose can be observed in order of increasing mobility. The three fluorescent spots in sector l ( fig. 1) are byproducts of dansylhydrazine. Dansylsulphonic acid appears äs a blue fluorescent Spot; the excess of dansylhydrazine yields a yellow fluorescence, which runs with the solvent front and does not interfere with the dansylhydrazones.
The lower detection limit for glucose was found to be in the ränge of l to 2 nmol (3).
The weak fluorescence observed with fructose is probably due to the lower reactivity of ketoses with dansylhydrazine.
Sucrose is not dansylated, because of its non-reducing character. However, the trichloroacetic acid necessary for the dansylation reaction induces partial hydrolysis, releäsing some glucose; this is turned iftto dansylhydrazone, thereby falsely indicating glucose in the original sample (spot 3, fig. 1 ). This type of error can be monitored by also spotting pure sucrose and an aliquot of non dansylated Sample; only one spot of sucrose is then observed. Figure 2 sfaows, for both radial and linear techniques, the fesolution of non dansylated sugars after two successive develppmeiits; detection was with the -naphthoresorcinol reagent. The dansylated sugars do riot interfere with the free sugars since they run with the solvent front and are poorly stained with näphthoresorcinol reagent. In increasing order, the mobilities of the free sugars afe läctose, maltöse, sucrose, gakctose, glux^'f ·;?' ·: -, 9 9l
•9 :°0 3 ). Furthermore, ketoses and aldoses give different colours, providing one more criterion of differentiation. All these considerations make it apparent that the proposed method has greater resolution, and is time saving and more specific. Consequently, it can be used with advantage in the diagnosis of various metabolic diseases such äs pentosuria, essential fructosuria, galactosaemia and intestinal disaccharidase deficiency. In addition to the analytical interest of the fluorescent label, we think that the circular development technique offers many possibilities for the analysis of mono-and oligosaccharides in various biological fluids. We would like to point out the important study made by Mac Laren & Won (5) concerning the Separation of urine oligosaccharides by radial diffusion for the screening of congenital oligosaccharidoses.
